5.1

CHAPTER 5

DESIGN SAMPLES

15W,25-100V, Self-Oscillating Converter

5.1.1 Design
Given Py 15 W
Vin 25V
Vout 100¥

= e m

VtVin O . 8,K 25

Vout 100

Select 2N3740, silicon, pnp,transistor which is bharacterized
hpE(min) =30

= T cmmmemm— T

hps(min) 30
Select TDK, H5B, 2616, ferrite pot core, which is characterized
. - 2 w_ 2 _
by: Acore 0.94 cm™, W=0,445 em”, BsatJ.lOO gauss,
3

mean diameter 2.0 em, volume 3.54 cm

1
J_ [29&%:1 _[_2x15x0.01 -
PT0 K\ [1.7260070x T x2.0%0. k505

= 354, A/cm?

1 _.: i — 564 cir mils/A
J 354 5.07x10

-
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P b'e lO8 8

£ = out 15 x 10

2K B JA W 2 x 0.5 x 4100 x 354 x 0.94x0.445

il

2.75 kHz

]

The value of Vin is not available in the Feedback Table,so)call eq.

(6-10 )

Ve = | Vin Vm(sat) * VBE(sat)

= Jas x 0e?7=—% . 0.7 = LV,
8 8

N, = Vi, x 10 5 25 x 10

he Bhax #core b x 2.95 x 109x 4100 x 0.94

= 59
N2 = Kl Nl Vout = 1.05 x 59 x 100 = 248
V. 25
in
K, N, V
"1 %1 'FB - be9  _
NFB = e = 1,05 x 59 x 5 = 12e7
in
Select NFB HALA which gives VFB = 5,0V
wire size of N1 = % e %; = 264 ; Q. = 212 cirmil
" N, = +x1I = 564 x 0,15 = 84
2 J out °
_ 1 - 0.05 _
" Neg= FxIy = 56bx=%52 = 14

But the calculated wire sigze of N is too small 80 a wire size

FB

of 84 cirmil is used instead.
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Ve~ VBE(sat)
Rl = T =
B
Vln
R, = R ( v -1 ) =
B
Result

The result is shown in Fig.

At rated load the following

Vin = 25 V, Iin =

out =~ == Iout .
o5V

VeE(sat) Pedo o ag

voltage -drop /across Rl =

” " 1" =

R2 =

resistance of N2 =

" " -

Nl y

voltage drop across diode

B - H loop of TDK, H'5 B
Input power, Pin = Vin L
Output power, Pout = VOut
Efficiency, *L = ﬁggz
in
Over all power loss = P,
in
Power loss in diodes = 4 V
" output coil

18

6

data are obtained

0,695 A
0,15 A

(sat) 0.8V

L,ov
29 V
6.4 ohms

- 0.5 ohms

when it is ON = 1,2 V

ke = 141 x 10° gauss-oersted
in = 25 x 04695 = 17.4w
I = 100x0.15 = 15.0W

100 = %%f% x 100 = 86.2 %
-P ot = 17.4 = 15,4 = 2.4 W
diode X Iogt = 4 x 1.2 x 9352

= 04360 W

S Ry, = (0.15)% 6.4

Oollh
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Power loss in input coil = Ifn Ry = (0.695)2x 0e5 = 0,216 W
i
V122 (4.0 )2
" Rl - —-J-Rl = eEme = 0,182 W
2
\Y 2
R (29)
= & = = O
’ " R, - 3150 0.270 W
4 Ry
" collector = VCE(sat) IC = 0,15 x 0,695 = 0,104 W
" core o i}’,—ri:;{HdB x 10~7
354 x 2,75 x 100 x 141 x 10°
& = 1,092 W
L TC
e 1 e 1 6
switching loss =\ = kj- Vidt = 1.5 x =t dt
T EOO.%O 7
= 00079 "
Total loss = 2,487 W
~
5.2 15 W, 25-160 V, Driven Converter
54241 Design
Given Pout 4 1°dp ey
Vin = 25V
Vout = 100 V
P
_ in _ 1 .
e =47, - TEFLm - 075 4
in
P .
out _ ;2 _
b2 I, = v— = 5 = 0,15 A
out

Select 2N 3740 transistor (its specifications are

given in section 5.,1 ; 1 )

& I
IB R G = 2—23%412 = 0605 A
FE(min)




20

Select HS5B, 2616 ferrite core (its specifications are given in

section 5.1.1)

2P . n % 2 x 15 x 0,01 %
J = (=S8t = ( =6 )
P 1w W Kw 1.72 x 10™° x U x 2.0 x 0445 x 0.5
= 354 A/cm-2
1 _ 1 = 564 cir mil / A
J 354 x 5,07 x 10~°
Biax = 0.8 Bogp = 0.8 % 4100 = 3280 gauss
£ N Pout X 108< ~ 15 x 108
2K, B AW 2 X 0.5 X 3280 X 354 x 0.9k x O.445
= 3,44 kHz
8
G o Vig M4 2 25 x 10°
1 ° TF B X = T7x 3.00 x 102 x 32580 x 0.9k
max core
= 59
v 100
N2 = Ky N, vout = 1.,05%.59 x == = 248
in
I
wire sigze of Nl = %-x 7? = 564 x 9%;2 = 212 cirmil
I
" N2 = ~% X 2?t = 546 x 0,15 = 84 cipmil

The circuit of the driver that gives IB = 0,05 A and £ = 3.3 KHz

is shown in Fig. 5

5.2.2 Result
At rated load the wave forms are shown in Fig. 7 and

the following values are obtained

At £ = 3.3 kHz Iin = 0,685 A
Vig = &5V
I = 0015

out



v, = 100V /
Pioo= I Vi, = 0.685x25 = 17.1W :
Py = Toylogs = 0+15%100 = 15.0W 3,
N = Fous™% - 15.0x100 = 7.8 %
S (§
in

But the driver circuit draws a power of 2.0 W

Thus over-all efficiency = 15.0x100 = 75.4 %

ol+ce

By varying the frequency of the driver, it is observed ( in Fig. 11 )
that the maximum efficiency occurred when the frequency is 3.3 kHz,

that is, when Bmax is approximately 0.8Bsa . At higher frequency the

t
efficiency is decreased due to transistor switching loss. At lower

g -0
frequency, vin is greater than thmaxAcoreNx1O because Bmax can not
be greater than Bsat s 80 the waveforms are as shown in Fig. 7-D and
Fig. 7-E and the ‘transistor is operating in active region in some

portion of a cycle, and a large amount of collector dissipation loss

occurred,

5.3 30W, 25-200V, Self-=Oscillating Converter

5 03 ol DeSiEZE

Given : Pout = 30W
V., =257
Vg =100V
I, = P, =30 = 1,54
ﬁ?ﬁ;ﬁ 0.8x25
I, = Lout= 30 = 0.54A

21
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N '

Select 2N14ON, silicon, npn transistor, which is character=-

ized by:  To o =3.54, Iy = 1.5 A DV =127,
BVCEO = 100 v, hFE(min) = 20
I, = 21, = 2x1.5 = 0.15 2
- )
73(min)

Select TDK, H5B, 6726, ferrite, EE core, which is character -

: ) 2 . 2 .
ized by:, A, = 1.09 em”, W = 0.LL5 em®, B_ .t 4100 gauss,

mean length for one turn = 6.4 cm.

I zpogtn )% = (_2x30%0,005 )%

P L 1.72x10.6x6.hx0.hh5x0.h

57 B9e

1= 1 = 510 cir mils/ A
g 392x8.,07x10~"
£ o= PopX 10° - 30x108

R Prnaxore” 250 T T00%392%T - 09%0. LIS

& 4.7 kiz
2

s = (VinTomeent)’® * Vpg(sat)

= ( 25x0,7 )'12_ + 0.7 =LV
N, = Vin¥ 100 25x10° = 29

umeaxAcore ey o TX10°x4100x1 09
N, - KMVout = 1.08x29%200 = 2l
Vi 25
Ny = STMVFR = 1.05x20wl.9 = 6
Vin 25
wire size of N1 =1 IC = 510x 1,5 = 382 cirmils
JZ -2
wire size of N, = | Tout = 510x 0.15 = 76.l cirmils
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wire size of NFB use 76 cirmil

I 0.15
R, = R.( Yi& 1) = 30 (2 .1 ) = 1030 ohm
2 ¥ o - 0.7 OHmS

5e3¢2 Result

At rated load :

Vi, = 25

T toh &

Vot =202V

I = 008

P =V I, s 25% 1.l = 35.0 W

Pout = voutIout = 202x0. 148 = 29,9 W

Efficiency = Pout, % 100 = 22:9 x 100 = 05.5 %
Fin 35.C
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